Background: The prevalence of migraines in the She population, a minority in China, is significantly higher than that in Han Chinese and other Asian populations. Two single nucleotide polymorphisms (SNPs) have been found to be associated with migraine susceptibility in the She population.
loci in the She population and Han Chinese to explore their correlation with migraines [20, 21] . Our results showed that the SNPs rs4379368 (in c7orf10) and rs13208321 (in FHL5) were potential genetic markers for migraines in the She population [20] . We subsequently found that rs4379368 and rs10504861 (near MMP16) were markers for susceptibility to migraines with aura, and that rs12134493 (near TSPAN2 ) is a marker for risk of migraines without aura in the Han population in Fujian Province, China [21] , suggesting that the migraine susceptible loci are different between the Han and She populations. Because evidence suggests that SNPs in those four migraine susceptible loci might not be risk factors for migraines in the She population, we wanted to explore whether the four SNPs reported to be associated with migraines in Han Chinese (i.e., rs2651899 in PRDM16 [22] [23] [24] [25] [26] [27] , rs2274316 in MEF2D [23, [28] [29] [30] , rs7577262 in TRPM8 [18, 28] and rs11172113 in LRP1 [27] [28] [29] [30] [31] ) were similarly associated with migraine in the She population, which is already shown to have a high prevalence of migraine. The purpose of the present study was to investigate the four SNPs identified within migraine susceptible loci in Han Chinese for their association with migraine susceptibility in the She population.
Materials and Methods

Participants
Based on our previous epidemiological study on migraines in the She ethnic population [6] , 200 unrelated She migraine patients and 200 healthy controls without migraine were recruited from Nigde Municipal Hospital, Fujian Province, China ( Figure 1) . A multi-stage, age-and gender-stratified sampling method was used. Inclusion criteria were both parents of She ethnicity, age >15 years, permanent resident of Fujian province and able to describe their own symptoms clearly. Participants diagnosed with other diseases or headache-causing disorders were excluded. In the final stage of sampling, participants were stratified by gender and age distribution based on the 2005 Chinese census data of the She population. Migraine was diagnosed according to the International Diagnostic criteria for migraines developed by the Headache Classification Committee of International Headache Society 2004 [3] . The study protocol was approved by the Ethics Committee of our hospital, and signed informed consent was obtained from each subject before the study.
FIGURE 1 Study sample selection
Allele-specific polymerase chain reaction Genomic DNA was extracted using a blood DNA extraction kit (Omega Bio-Tek Inc., Norcross, GA, USA) according to the manufacturer's instructions.
Target segments comprising the four SNPs were amplified using a polymerase chain reaction (PCR) amplification kit (Sangon Biotech, Shanghai, China) and primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China; Table 1 ). The PCR mixture was composed of ddwater (8.5 µL), 2× PCR Master (12.5 µL), DNA (3 µL) and 50 µM primers (1 µL). Conditions used for the PCR were as follows: pre-denaturation at 94°C for 3 min for a total of 35 cycles of denaturation at 94°C for 30 s; annealing at 58°C for 30 s with extension at 72°C for 45 s; and a final extension at 72°C for 5 min. The products were subject to sequencing at Boshang Biotech Co., Ltd. (Shanghai, China). The alleles of rs2651899 included TT, CT, and CC; the alleles of rs2274316 included AA, AC, and CC; the alleles of rs7577262 included GG, AG, and AA; and the alleles of rs11172113 included TT, CT, and CC. Primers used in this study are listed in Table 1 .
Statistical analysis
Age is presented as mean ± standard deviation (SD) and was compared using the independent t-test. Categorical variables are shown as frequency and percentages, and were tested using chi-square tests. Frequencies involving genotype, allele and allele carrier (the number of individuals having an allele that is either homozygous or heterozygous) were calculated by counting directly. A univariate logistic regression analysis was implemented to examine the associations between risk factors and outcomes. Subgroup analyses were carried out according to migraine type and gender. All statistical analyses, including Hardy-Weinberg equilibrium, were performed using IBM SPSS statistical software (version 22 for Windows; IBM Corp., Armonk, NY, USA). All statistical analyses were two-sided and evaluated at a significance level of 0.05; a P-value of < 0.05 was considered to be strong evidence of a significant difference between groups.
Results
This study included 400 participants, and 50% of the study participants were patients with migraines. The mean age of the two groups of participants was similar, but the migraine group had a higher percentage of females than the control group (67.5% vs. 47.0%, respectively; P < 0.001) ( Table 2 ).
The genetic study included TT, CT, and CC genotypes of rs2651899 (PRDM16 gene), AA, AC, and CC genotypes of rs2274316 (MEF2D), GG, AG, and AA genotypes of rs7577262 (TRPM8) and TT, CT and CC genotypes of rs11172113 (LRP1).
Additional subgroup analyses were performed by migraine type and gender, given that two prevalent subtypes of migraine are noted, migraine with aura and migraine without aura [8] , and because females appear to be more susceptible to migraines than males [7] . Neither migraine type nor gender affected the results regarding allele frequencies for the four SNPs between the two groups. The C allele positivity for the SNP rs2651899 was significantly lower for migraine patients with aura versus controls (59.6% vs. 74.5%, respectively; P = 0.034); the case and control groups had similar allele carriage frequencies for the other SNPs regardless of migraine type or gender (Tables 3 and 4) .
Results of univariate logistic regression analysis are summarized in Table 5 . Overall, no genotype in four SNPs showed a significant association with migraines. Gender was the only significant contributor for migraines, and males had a lower risk of migraines (odds ratio (OR) = 0.43, 95% confidence interval (CI): 0.28-0.64, P < 0.001). In a subgroup analysis, similar results were found for migraine with aura and migraine without aura. No risk factors were identified for migraines in males, while advanced age was associated with an increased risk of migraines in females (OR = 1.04, 95% CI: 1.02-1.06, P = 0.001). 
Discussion
This study investigated the associations of well-known migraine susceptibility SNPs (rs2651899, rs2274316, rs7577262 and rs11172113) in the She ethnic population of Fujian Province in China. Our previous study investigated the genotype distribution and allele frequency of five polymorphic loci in the She and Han Chinese populations to explore their correlation with migraines [20, 21] . Those five loci were the newly identified polymorphic loci from the above-mentioned meta-analysis of 29 GWAS [18] . We found that rs4379368 (in c7orf10) and rs13208321 (in FHL5) were potential genetic markers for migraines in the She population [20] . In the present study, four SNPs were chosen based on their association with migraines identified in previous studies [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] as well as in a meta-analysis of 29 GWAS [20] . The rs2651899 SNP is localized to PRDM16, which is associated with myelodysplastic syndromes, acute myeloid leukemia and metabolic syndrome [24] . The rs2651899 SNP of PRDM16 has been found to be closely associated with migraines in the Han Chinese population [23, 23, 27] . The rs2274316 SNP is localized to MEF2D, which is a member of the muscle cell enhancement factor 2 (MEF2) transcription factor family, and plays a crucial role in the activation of muscle-specific gene transcription in skeletal, cardiac, and smooth muscle cells [32] . The rs2274316 SNP of MEF2D has been found to be closely associated with migraines in the Han Chinese population [23] . The rs7577262 SNP is localized to TRPM8, which controls cold and pain sensations and is mainly expressed in sensory neurons and spinal dorsal root ganglion neurons [25] . The rs11172113 SNP is localized to LRP1. LRP1 is responsible for neuronal signal transmission, and is mainly expressed in the brain and blood vessels. Interaction GWAS of Caucasians [31] ; however, other study of the Han Chinese population failed to find a significant association between alleles, genotypes of the two SNPs (rs10166942 and rs111721132) and migraines [27] .
In the present study, no significant differences between the case and control groups were demonstrated in the genotypes, alleles and allele carriage frequencies for the four well-documented SNPs in the She population. Our results showed only a marginally lower frequency of C allele positivity for rs2651899 in migraine patients with aura versus controls in the She population. Univariate analyses indicated that no genotype of the four SNPs had a significant association with migraines, suggesting that the four SNPs in migraine susceptible loci may not be risk factors for migraines in the She population. These findings imply that differences in migraine susceptible loci exist between the Han and She populations, as well as between the She population and other ethnic groups in different countries (Table 6 ).
TABLE 6. An allele frequency comparison of the 4 SNPs used in this study between Han Chinese, She populations and general population
Previous studies have demonstrated that migraine is more prevalent in women. In the She population, 6.18% of males and 13.82% of females experience migraines [6] . The average prevalence of migraines in the United States of America was 20.2% in females and 9.4% in males between 2005 and 2012 [9] . The present study confirmed that gender was the only significant contributor for migraines, and males had a lower risk of migraines; no risk factors for migraines were found in males, while advanced age was associated with a modest but significant increased risk of migraines in females. In a previous study, C allele positivity for MEF2D rs2274316 was found to be a significant risk factors for females [23] ; however, in our study no genotype of the four SNPs showed a significant association with migraines, regardless of gender. This is consistent with a previous study that showed no significant interactions between gender and genotype of the SNPs within the MEF2D locus for migraines without aura, and all SNPs had relatively similar ORs for both genders [30] .
This study had some limitations. According to the calculation method of sample size and statistical power for genetic association studies, as previously described [33] , our sample size was relatively small, especially compared with GWA studies, which require large samples for statistical power. Genetic association studies attempting to detect causal genes require a sample size with sufficient statistical power; because our study lacked sufficient statistical power, interpretation of our results is limited. We did not perform additional control measures (e.g., Bonferroni, Sidak or FDR) to correct for the Family-Wise Error Rate (FWER), which may result in a Type I error. Population distribution was also uneven in the present study, with more females than males in the migraine group.
In conclusion, SNPs in four migraine susceptible loci in Han Chinese (rs2651899 in PRDM16, rs2274316 in MEF2, rs7577262 in TRPM8, rs11172113 in LRP1) were not associated with migraine in a relatively small sample of the She population and thus may not be risk factors for migraines in the She population, regardless of the subtype of migraine and gender. Additional multicenter studies with a larger sample size are necessary to confirm these findings in the She population and in other ethnic and racial groups.
